The A-1332G transition of the angiotensin II type 2 receptor (AT2R) gene was found to occur more often in males with ureteropelvic (UPJO) or ureterovesical junction obstruction (UVJO). However, other studies have shown controversial results. ⌻he frequency of this polymorphism was investigated in 275 Caucasian children (153 boys, 122 girls) with a wide spectrum of congenital anomalies both of upper (165) and lower (110) urinary tract system and in 200 controls (100 boys, 100 girls). Among the included malformations, renal agenesis and duplex collecting system (DCS) were studied for the first time. The frequency of the G allele did not differ among patients (193 of 397 total alleles, 48.6%) and controls (146 of 300, 48.7%). No significant difference was also found in the frequency of the G allele in subgroups of congenital uropathies compared with controls. When analysis was performed in males and females separately, no significant difference was found in the frequency of the G allele in male (45.1%) or female (50.8%) patients compared with male (57.0%) or female (44.5%) controls. Our data indicate that the AT2R gene A-1332G transition is not associated with the development of human congenital uropathies and further investigations should be carried out to unravel their etiology. C ongenital anomalies of the kidney and urinary tract (CAKUT) account for up to 30% of all anomalies diagnosed prenatally and constitute the main cause of chronic renal failure in infants and young children. Although the etiology of most of these anomalies has not been identified, experimental studies have identified several genes that are implicated in nephrogenesis and in which the derangement result in renal maldevelopment (1,2).
C ongenital anomalies of the kidney and urinary tract (CAKUT) account for up to 30% of all anomalies diagnosed prenatally and constitute the main cause of chronic renal failure in infants and young children. Although the etiology of most of these anomalies has not been identified, experimental studies have identified several genes that are implicated in nephrogenesis and in which the derangement result in renal maldevelopment (1, 2) .
In recent years, published data have shown that the reninangiotensin system, besides its role in maintaining blood pressure as well as fluid and electrolytes homeostasis, has an important role in kidney development (3) . AT2R is abundantly expressed in fetal tissues (4) and decreases rapidly after birth (5) . It has been shown to mediate programmed cell death, playing an important role in developmental biology and pathophysiology (4) . The expression of the AT2R is higher and localized to the mesenchyme at the time of the ureteric bud branching (3) . The gene encoding AT2R is located on the X chromosome, so that normal males carry only one copy, whereas normal females carry two copies. It consists of three exons and two introns, with the entire coding region located on exon 3 (6) .
Experimental studies have shown that the establishment of CAKUT is preceded by delayed apoptosis of the undifferentiated mesenchymal cells that initially occupy the metanephros and densely surround the wolffian duct and ureter (7) . This abnormal apoptosis hinders the normal interaction between the ureteric bud and metanephric blastema, resulting in CAKUT (8) . Moreover, At2r gene null mutant mice display CAKUT, which mimics human CAKUT (7) .
Studies on the human AT2R gene identified a polymorphic locus in a large proportion of the general population, with a nucleotide A to G transition at position Ϫ1332 within the lariat branch point motif of intron 1 (A-1332G polymorphism). The G allele seems to be associated with abnormal splicing of pre-mRNA, producing mRNA with a shorter length (exon 2 is missing) in a smaller amount than the normal allele A. This confirms the functional significance of this polymorphism. Moreover, a significant association between UPJO and this polymorphism was found in 36 Caucasian patients (7) .
The majority of subsequent studies included male patients with some CAKUT (9,10), whereas only one study included both males and females with various CAKUT (11). Conversely, the above studies show divergent results, from a higher frequency of the A-1332G transition in Caucasians (9,11) to a similar one in Japanese (10) with various CAKUT compared with controls.
To clarify the role of AT2R in the development of CAKUT, the distribution of the A-1332G polymorphism was examined in a large number of Caucasian children (males and females) with a wide spectrum of CAKUT because the majority of reported studies have included a relatively limited number, mainly of male patients. Moreover, renal agenesis and duplex collecting system (DCS), which had not been studied previously, were included in the present study for the first time.
In the long term, an understanding of the genetic aspects of CAKUT will help to unravel the pathogenesis of these disorders and may facilitate the design of genetic screening tests for an early diagnosis (1).
METHODS

Patients.
A total of 275 Caucasian children (153 boys, 122 girls) who were diagnosed as having CAKUT or followed because of known CAKUT in our Pediatrics Department from September 2001 to December 2006 were enrolled in the study. The mean age at the time of diagnosis was 2.0 Ϯ 2.9 y.
The clinical data included patient history, physical examination, laboratory data, and radiographic investigation, which were performed because of a history of a first urinary tract infection (167 patients: 79 males and 88 females) or prenatal hydronephrosis (108 patients: 74 males and 34 females). Imaging studies included urinary tract ultrasonography, voiding cystourethrography, and technetium-99m dimercaptosuccinic acid ( 99m Tc-DMSA) scan of all patients. Diuretic renography and i.v. urography were performed if there was a clinical indication. All the imaging studies were performed in the Radiology Department of our hospital. Patients with syndromes or other chronic diseases were excluded from the study.
The clinical characteristics of patients are summarized in Table 1 .
The control group consisted of 200 healthy Caucasian children (100 boys, 100 girls). The mean age at the time of diagnosis was 2.3 Ϯ 3.7 y. These children also had a history of a first urinary tract infection and were evaluated during the same period as the patients by ultrasonography, voiding cystourethrography, and DMSA in our Pediatrics and Radiology Departments, 1-2 mo after urinary tract infection. They all had normal renal function, no urological anomalies, and no chronic diseases. The controls came from the same geographic region as the patients, and there were no ethnic differences between patients and controls.
Written consent for the genetic study was obtained from parents of patients and controls. The study protocol was approved by the Ethics Committee of our hospital.
Renal agenesis was diagnosed by complete absence of the kidney on abdominal ultrasound and 99m Tc-DMSA scans; renal aplasia by tiny renal tissue on ultrasound scan, without any function on DMSA scan; and multicystic dysplastic kidney (MCDK) by multiple cysts on ultrasound scan, without any function on 99m Tc-DMSA. Renal hypoplasia and dysplasia can coexist, and the diagnosis can be confirmed only by renal histology. Thus, we used the term renal hypodysplasia (RHD) for kidneys with reduced renal length and regular outline, with or without hyperechogenicity of the cortex and loss of corticomedullary differentiation on ultrasonography and with persistent (for Ͼ6 mo) generally reduced 99m Tc-DMSA uptake. For the radiographic diagnosis of RHD to be more accurate, only the severe cases were included (split function Յ35%). DCS was diagnosed by a band of parenchyma separating the two pelvic complexes on ultrasound scan, confirmed by i.v. urography in all cases. UPJO or UVJO was diagnosed by pelvocalyceal dilatation or both pelvicalyceal and ureteral dilatation on ultrasound scan, and findings of significant obstruction on i.v. urography and diuretic renography (12) . Primary vesicoureteral reflux (VUR) was diagnosed by voiding cystourethrography and was classified as grade I-V, according to the International Reflux Classification (13) . Renal scarring was defined by the presence of decreased uptake of 99m Tc-DMSA, associated with loss of the contours of the kidney, or by the presence of cortical thinning with decreased volume Ն6 mo after a well-documented urinary tract infection (14) . Posterior urethral valves (PUVs) were diagnosed by bilateral ureterohydronephrosis, a thick-walled bladder, and dilated posterior urethra on ultrasonography and voiding cystourethrography, confirmed by cystoscopy (12) .
Genetic analysis. Genomic DNA from each individual was isolated from peripheral blood leukocytes using a standard NaCl extraction procedure technique. The AT2R gene A-1332G polymorphism was determined by polymerase chain reaction (PCR) amplification followed by digestion using the restriction enzyme EcoRI according to the method described by Nishimura et al. (7) . All the patients and controls were successfully genotyped using the above method.
Statistical analysis. The results were analyzed with STATISTICA 6.0 for windows. The statistical methods used were the 2 test and the Fisher' s exact probability test. p Values Ͻ0.05 were considered statistically significant.
RESULTS
Patient population.
Family history revealed that 20 of 275 patients (7.3%) (all with VUR) had a positive family history of VUR as well. One girl with bilateral RHD had a father who also had bilateral RHD.
Among the patients, 204 (74%) had unilateral CAKUT. The malformed kidney was on the right side in 89 (44%) and on the left side in 115 (56%) patients. Forty-three patients (16%) (29 with VUR, 12 with DCS, two with RHD) had the same CAKUT bilaterally, 15 patients (5%) had VUR in the contralateral kidney, and one patient with renal agenesis had contralateral RHD.
Among the patient with RHD, 23 had no lower urinary tract anomalies, whereas in 42, a moderate or severe VUR coexisted. Those patients had no history of urinary tract infection, but a history of prenatal hydronephrosis. In the DCS group, complete ureteral duplication was found in 26 and incomplete in 23 patients. Coexisting anomalies were VUR in 23 DCSs and ectopic ureterocele of the upper pole ureteral orifice in seven complete DCSs. The ureteroceles were accompanied by a poorly functioning upper pole in all cases and by VUR of the lower pole in five cases. In UPJO and UVJO, split function Ͻ40% was found in five and two patients, respectively. In the VUR patients, DMSA scan showed normal findings in 55 (90%) and renal scarring in six (10%). Among the controls, scarring was noted in eight of 200 (4%).
Genetic analysis. PCR restriction length polymorphism analysis demonstrated that the frequency of A and G alleles did not differ between Caucasian patients with CAKUT, categorized as a total or subgroups of CAKUT and controls (Table 2) .
Because the AT2R gene is located on the X chromosome, statistical analysis was also performed in males and females separately. There was no significant difference in the frequency of the G allele between male or female patients with CAKUT and male or female controls. When both sexes were categorized as subgroups of CAKUT, a lower frequency of G allele was found in males with ureteral obstruction (p ϭ 0.03) and a higher in females with DCS (p ϭ 0.02) compared with (Table 3) . When the genotype distribution of the A-1332G polymorphism was studied in female patients, no significant difference was found compared with controls. Because of the limited number of several subgroups of CAKUT in females, the statistical analysis was only performed on the total of renal malformations, DCS and VUR. The unique significant difference found was the higher frequency of GG genotype in females with DCS (p ϭ 0.03) compared with controls (Table 4) . The values predicted by assumption of Hardy-Weinberg equilibrium for the three genotypes in females were similar to those observed in the CAKUT groups with a sufficient number of patients (total CAKUT, total renal maldevelopment, DCS, VUR) and in the control group.
When statistical analysis was performed separately in patients with urinary tract infection, no significant difference was found in the frequency of G allele in them (127 of 255 total alleles, 49.8%), compared with controls (146 of 300 total alleles, 48.7%). The same results were found when statistical analysis was performed separately in patients with prenatal hydronephrosis (66 of 142 total alleles, 46.5%), compared with controls (146 of 300 total alleles, 48.7%).
No significant differences were also found either in males with urinary tract infection (37 of 79, 46.8%) or females with urinary tract infection (90 of 176, 51.1%) compared with male (57 of 100, 57.0%) or female (89 of 200, 44.5%) controls. The same was noticed both in males with prenatal hydroureteronephrosis (32 of 74, 43.2%) and females with prenatal hydroureteronephrosis (34 of 68, 50.0%) compared with male (57 of 100, 57.0%) and female (89 of 200, 44.5%) controls.
DISCUSSION
In the present study, the distribution of the A-1332G polymorphism of the AT2R gene was examined in a large number of Caucasian children with various CAKUT. The spectrum of CAKUT studied included renal aplasia, MCDK, RHD, RHD coexisting with VUR, ureteral obstruction, VUR, PUV, and, for the first time, renal agenesis and DCS. The association of VUR and RHD was shown by Hiraoka et al. (15) in Japanese perinatal screening studies, in which congenital small kidneys were strongly correlated with VUR.
Family history was positive for VUR in 7.3% of included patients, and only one girl had a positive family history of other CAKUT. Although most cases of CAKUT appear to be sporadic, in some of these (VUR, renal maldevelopment, UPJO, and PUV), a genetic pathogenesis is strongly suggested by a positive family history and genetic linkage studies (1,2). The relatively low incidence of positive family history in the present and previous studies (10, 11) may be the result of the usually unilateral occurrence of CAKUT, which, being asymptomatic, may not be diagnosed throughout the lifetime.
The frequency of the G allele (48.7%) among Caucasian male and female controls was similar to that among other Caucasian (46%) (16) and Korean (55.1%) (17) male and female controls. However, Rigoli et al. (11) reported a lower frequency (30.4%) of the G allele in Italian males and females with no urological anomalies. When only males were compared, the frequency of the G allele was higher in our control There was no significant difference in the frequency of each allele between controls and patients, either when they were categorized as CAKUT generally or as subgroups of CAKUT. 
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AT2R GENE AND CONGENITAL UROPATHIES population (57%) compared with other Caucasian (38%-42%) (7, 9, 16, 18) and Japanese (30%) (10) controls. In Table  5 , previous studies considering the A-1332G transition in patients with CAKUT are summarized. The discrepancy of the results between Caucasian and Japanese controls could be explained by their different genetic background, but this may not be the cause for the discrepancy among Caucasians of different ethnicity. Conversely, it is notable that the control population included in all the above studies was characterized as normal using ultrasound findings. However, it is known that the sensitivity and specificity of ultrasonography are low to exclude some minor CAKUT, such as VUR (19) . The control group in the present study was chosen even though they had a history of urinary tract infection 1-2 mo before their enrollment in the study because their ultrasound scan, voiding cystourethrography, and DMSA scan showed an absence of CAKUT. This was done to avoid the enrollment of children as controls, who, being asymptomatic, could not be diagnosed as having CAKUT because CAKUT usually are unilateral and asymptomatic. No significant difference was found in the frequency of the A-G transition between Caucasian patients (both males and females) and controls when they were categorized as a total of CAKUT nor as subgroups of CAKUT. To our knowledge, the only study that included Caucasian patients with various CAKUT in both sexes was the one by Rigoli et al. (11) . In that study, a significantly higher frequency of the G allele in Italian patients with CAKUT was found compared with controls, but not when the same patients were categorized as having subgroups of CAKUT. Recently, Hahn et al. (20) investigated the allele frequencies of the AT2R gene in 53 Korean patients (boys and girls) with some CAKUT and reported a significantly higher frequency of the G allele in patients with the above urological anomalies compared with the general population . However, the investigators based their statistical analysis on boys as having two copies of the AT2R gene. Because it is well documented that the AT2R gene is located on the X chromosome and normal males carry only one copy and normal females two copies (6), we did not take their results into consideration.
When comparisons were made in males and females separately in the present study, again no significant difference was found in the frequency of the G allele in the total of CAKUT compared with controls. Studying the frequency in each anomaly separately, there was also no significant difference in males or females with renal maldevelopment compared with controls, nor did Hiraoka et al. (10) find any significant difference in males with hypoplasia associated with VUR. Because no previous studies have examined the frequency of the G allele separately in females with renal maldevelopment, direct comparisons cannot be made. No significant difference was also found in males with DCS, whereas a higher frequency of the G allele and the GG genotype was found in females with DCS compared with male and female controls. Because DCS is twice as common in females (21), we can speculate that the higher frequency of the A-1332G transition in females could play a role in the development of this anomaly. However, further studies are needed to establish this Table 5 . Literature review for the frequency of the G allele in patients with CAKUT and controls finding. A lower frequency of G allele in males with ureteral obstruction was found in our population. On the contrary, previous studies showed a significantly higher frequency in Caucasian males with UPJO or UVJO (7, 9) , whereas another study in Japanese males showed no difference (10) . The discrepancy among these studies is more likely to be the result of the limited number of included patients because the genetic background, at least among Caucasians, does not differ. The present study showed no significant difference in the frequency of the A-1332G transition between patients with VUR and controls, consistent with previous studies in Caucasian and Japanese patients (10, 11, 16, 18) . In contrast, Yim et al. (17) found that this transition occurred significantly less often in Korean patients (males and females) with VUR than in normal controls. Previous studies (9, 11) , including ours, showed no significant difference in the frequency of the A-G transition in patients with PUV, which is expected because the At2r mRNA expression is absent in the urethral area (7) .
Except for Japanese and Korean patients, in whom the different genetic backgrounds could explain the discrepancy in frequency of the A-1332G transition between patients and controls, the existing heterogeneity of the results among Caucasian patients cannot be explained by the genetic background. It seems more likely that this may be the result of the relatively limited number of included patients and controls. The present study comprised the largest number of patients with CAKUT for studying the AT2R gene A-1332G polymorphism compared with previously reported similar studies. Experimental studies have shown that the anatomical spectrum of CAKUT in null mutants for the AT2R gene is impressively wide, documenting that a common gene abnormality can result in different CAKUT (7) . Thus, although in the present study the number of included patients in a few subgroups of CAKUT is also limited, the large total number of patients and controls is considered sufficient enough to support our results.
In conclusion, our data indicate that the AT2R gene A-1332G transition is not associated with the development of the CAKUT. This suggests that some other factors may play a major role in the development of human CAKUT, and further investigations should be carried out to unravel their etiology, possibly through multicenter studies.
